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® Delhrery vehicles with amphlphllMssociated active Ingredient 

® Oettvery vehicles comprising an outer biocompatible encapsulating layer, an inner amphiphillc active 
ingredient-assoaated layer and an active ingredient are described. The delivery vehicles are biocompatible and 
are capable of solubiHzing the active ingredient for In vivo delivery to bodily tissue or other bodily systems. Uses 
include nuclear nwgnetic resonance imaging and therapeutic dnjg delivery. 
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Mhrcry Vahlclts with Amphlphilv-AMociatsd Activ* ingrsdient 


FIELD OF INVOmON 


to 


1$ 


This invsntion reiatss to active ingrodiant deftvefy vehida compositjons which Incorporate an outer 
blocompatlbia encapsulating layer, an inner amphiphilie active Ingredient-associated layer and an neap- 
sulatsd matanal constitutmg an active ingredient Also provided are methods tor the production of such 
composrtioos. -niese compositions are suitable tar solubillzing aqueousHnsoluble or aqueous-soluble activ 
ingredients into solvents of interest and in particular tar solubilizing active Ingredients tor in vivo delivery to 
bodily tissue or other bodily systems. Spedilc targeting or delivery of this composition to ^irtSilar tissues 
organs or ceils is achieved, as well as extended circulation and senjm stability. Active ingredients suitabi " 
for use herein indude superparamagnetic and ferromagnetic materials such as magnetite for eg nuclear 
magnetw rewnance imaging, haiogenated compounds tor. e.g.. x^y contrast imaging." radioisotopic 
compounds tor radiographic purposes, other diagnostic agents, and therapeutic agents, including proteins 
enjymes. antineoplastics, antifungals, ete. w k . 


BACKGROUND 


so 


Phoaphofipid miceilar partides in the form of unilanraOar or multilamellar vaaicies. also known as 
) liposomes, hcve been used in a number of contexts as vehicies for the solubilization and delivery of active 
ingredient matanals. Uposomes have proven in some cases to be highly advantageous In In vivo delivery 
systems in terms of btotogicai compatibility, ability to isoiata and soiubiBze otherwise insolubieand/or toxic 
acttve ingredients and ability selectlvety to deliver active ingredients to specific tissues or systems of 

' BIbits have been made to sotubiUze ferromagnetic matorials in liquid carriers m order to achieve 
fwromagnetic fiuidssinceatie«sttheeartyt960's.Onesuch example is that of magnetite, a ferromagnetic 
material of fonnuU FejOi oftwi Ibrmed by precipitation frem alkaline solulion of iron (II) and iron (III) 
chtoridea. Examplea of such precipitation methods Indude those described in Mann et ai.. JCS Ch m 
£22222. 1978. pp. 1067-1068. Khaiafslla et al.. ISE Tijns. Magnetics. Vol. MAQ-ie. No. t^\7S^ 
(March 1980) and Molday et al„ J. Immunoiooicai Methods. Vd. 52. pp. 353-367 (1982) The ability of 
magnetHe to act as a T> relaxatton enhancer in nuclear magnetic resonance has been recognized in ih 
literature. See Ohguahi et al.. J. Maon. Bes. . Vd. 29. pp. 599401 (1978). 

A number of successful techniques lor solubiBzing magnettto have been developed, but none prior to 
the preeent invention has been d e mo ns ti ated as being suitable for in vivo use as a delivery vehicle for 
magnetite having extended circuittion lime, serum stability and biocompatibitity. For example, partieulata 
magnetite, whether uncoated or with coatings lewwn in the prtor art is typically removed from the blood 
wiWn a very short time, usually in leas than one hour and in many caaes within five minutes. Moreover 
of proper sdubiUzalion of sudi pailldes may lead to aggregatidi in the body and reaultent deiet rious 

Sohiblllzrtloo of magnetito In non-aqueous solution has been achieved by ball-milflng the material in th 
preaence d a surfactent swh aa deic add. by peptization into the desired solvent with a surfactant, and by 
related methods. In this regard, see Charles et al.. lEg Trans. Magnetics . Vd. MAG-ie. No. 2, pp 172-177 
(Mard) 1980). Khalafalla et al.. U.8. Patent No. 3.784.540 (1973). and Reimers et aL. U.S. Patent No 
3.843.540 (1974). Characteristic of such non-aqueous, non-polar solvent suspenstons d magnetite are 
vehldea comprising a monolayer coating d surfactent with the pdar head thereof assodated with the territe 
surface and the HpophUlc hydrocarbon teil thereof exposed outwardly to achieve compatibility with the non- 
pdar canter advent Such compositions are not sdtebte tor sdubilization in the aqueous environment of the 
txxly. 

Aqueous or pdar advent suspensions d magnetite have also been achieved. Monolayer surfactent 
coitt d dodecytemine or dodecandc add on magnetite have been shown to yteid dispersions of the 
terromagnetlc material, the latter surfactent giving a dhition-steble dispersion. Khalafalla et al.. lEEE Trans. 
Magpeto. Vd. MAQ.18. No. 2. pp. 178-183 (Mardi 1980). Aqueous torroflulds using petroleut^lTttJSSn 
as dispersing agems have been described. KMtoy, U.S. Patent No. 4.019.994 (1977). The structure of such 
monolayer surtectent-coated paitictes is similar to that of the non-aqueous sdubiPzed magnetite partcles 
dacuased above, with preventton of aggregation but retention of water sdubiDty being achieved by virtue of 
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shoijir (less hydrophobic) hydrocartwn tails exposed to the wJvent phase, 
stable aqueous suspensions of magnetite panicles have also been achieved 

to pnxluce a surface double -.yrsS,^,^1:;^rtn^'^.yTor«^^^^^^^^^^ 
molecules coated on the magnetite partcle as in the mondaver case and <n ouJT J!!!^ amphiphilic 

Ct^JT^/Z^rZ'l^n^ ^ Mate^a. used as l: Z^T^^ 

««y acioa ano moir salts, long chain ethers or esters, and alkytaromatics such as aikvt«n/i n«K/*rt,-r^ 

iTbSS.. t"'*' r S^in^-i-knapanea. Pat«n stS) 0 ST^^^ 
SambucettJ. IEEE Trans. Magnetics . Vol. MAQ-tfl ^te 2 no 3fl4-afl7 iflJ.!^!^ 

su^» .hSTha-l^us-fcshown .0 ^ IJin ^^bi^S^^Sg^^^^^ aS'nm^l^wI'eT 

ISSJT'"'""'''!'^'''''^ * ""^ <^ ancapsulated mSL 

micriJZ^i^^i^K" -""^ i2 ^ «dmini«r«ion include aaachment of" the pamcles to 

i^LrtSrL^ « f - Maai S22: SSaffiUfl. vol. 4. No. t pp. 142.?4r(1988)) uid coating of 

magnewejnth the mucopolysaccharide chitoaan {Yen et al.. U.S. P«ent No. 4.285.8 9 (1981)) ! " 
believed that such compositions, although possibly stable in serum, would oulckTbe rJm3 Im 

12. 1985). In addition, the encapsulation of magnetite within -e endoaed volume of a sinole hiiTTr 
J«sph.«dylcho.in. vesicle and a proposal tor uae In nudear ^J^J SSi:5,7is 

d|sc^ in Mann et J£J, ajj^ Coouj. 1879. pp. 1087.1068 OsS). The utrnT^SS^ a 

jjivo attbility. making it undesirable aa an imaging agent In contrast the deDvery vehicles of the presem 
SSJST " '^"^ « 37. C. are capable of 

aooliSLr^'SJi'i^Jr^Sl!^'?*^^ vjvo use «• Often 

applicable to other active ingredients. In particular, such ingredients may be particuitt^. ^Ueous-insolubie 

» V^m^l T^' * "•^^ to dUvec .h«« ,0 ««ciflc bodily sS. Furth^orl 

S?r^l,Sr^^ fr^Juendy do not have sufiWent serum^stabiity to «*ieve optimal re«ilt, in a 

>Vxortii2ty. the preaen^^ 
c^le of safely and sp«afically defivenng ^ ing,***,,,. such a. therapeutte agents or dlagnoJS 
including magnetic or oth« imaging agents, to the body in amount, eftoctive S achieve bS^SS 


to 
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SUMMARY OF THE INVENTION 

insol^'lIJSri.SllS!!^^ to biologically (»rnp«tible compositions capable of delivering soluble or 
Z2 !IL!!?^ "Vedleots wrthin living systems. The compoaHtons include an active ingrediern and a first 
SlSTdSK" -[T^ •nc.P«.l«»nfl or ..«x:iat.ng wS, the soM LtlT 

SJS^LirSii!^**''" o» the polar head of the amphiphile molecule<s) with tf,e activ ingr«ii«,t A 
^^1!T2Z.^!^^1J!T!^- "* ' P^»*<"'P«- <W Of encSulating or 

SrrST'Jll 'W*^ vrttide will be nocioxic and nonsmmunog^iic to 

oL^STin^ """l^:;"'"*** " ^"''^ P'oauas. if any. Thus, the encapsuladng 
^l^Jl^l^ corjposrtlon must preaent a btocompatble -surtice" to the r^rfpi^and Is 
S^^^mfZrS. 1! wfrtch would llsrtf be biocompatible if the delivery vehicle were broken 

S^LlI^JfL niLT'J^ • (*oaphoHpid outer layer, the llpophiflc tails of the phosphoglyceride 
SSTwir.^LS'^H «nphlphite.ac«riS;redlent 
T^L^^ J^ '^ ^ POtar heads of the phesphoglycerides altow solubilization 

Se^^ZSSl^ «^ - •^'«"'"««- 8och a composilton is btotogkuily compatible by virtue of 
^'Z^.'ZZ ''^'^ -.bl. in sen^m capab^ Of 

thev^^njSSf^rL'i^Sl!^^ comportttons of the preaent lm«ntton are characterized in that 
oTa moi^ul?!^ •ncapsulated as an aggregate by the amphiphiHc layer, or associated 

on a molecular level with or>e or more amphiphile rnoiecuies. Mkvocrystalline structures, such as that of 
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magneiJte are suitable active ingredients, as are radionuciidee. x^y contrast imaoing anents «h 
^Weudc drug agents, suet, as the antifungal drugs ampho'fr«:i„ B ^SLT^l 
d^othejwitlc drugs t^santtirene and dsptalin may also be successful^ encapsul^STasSaS 
w*. ampwphiles. The active Ingredient pt«e may range In sUe fn«n individual mSwS 
partctes 60 nm or more in dlanH,t»r. In tt«, case of Individual n«l«:ules of actve ingSstt 
may be associated with as few as one amphipMRe molecula. eacn molecule 

The amphiphlle material wiU be characterized In that it will be capable of beino eneuMuMad h« th. 

of «» ««lve toigredient and the sunvunding biocompatible material. Saturated or 
'^"^ from 10 to 28 carbons in the hydrophobic chain are particularty^M wiSi 
mynsfc aad (tourt.«i carbon chain l«vh) being especially preferred in the case oVSTS^ "ored^ m 

SlSlISna ^^^^'^^^ ««'P«(*i'e» in ft. case Of the active ingredient 

or JIir^m!?2''Sl'^"'!?^ "i""^ " '•^••^ * organs, tissues, c lis 

^ ^ "^"^ ' ™^ » «»« »en with liposomes previously 

known in the art Thus, spedflc cells such as tumor calls, or specific organs such as fte liver or spleen 

Zto th^'ssi^'^^"^^'^'*'''- "^'^^omer'^:;^ zzz: 

SihtSL^S^^jSELi ^ Which may be achieved by virtue of the encapsulating 

an^pmiic and P^oaphoUpjd layers, any tD>cicity of the acth« ingredient may be reduced and/or targeted to 
spwjc srtes m the body. The delivery vehicle exhibits extended circulation time and stability in semm at 

..J^"^!^^' ^J'^ ""•^ 'n one aspect provida novel and useful compositions capable of 
safely delivenng active Ingredients to the human or other mammalian bodies in otTto efSSI to 

^^TtaH^ ^J'*T^ *• P™*^ "^«»' •n»»n<»d solubllladon 

of active Ingredients, may be utiliad In in vitro or other nen-iMna «, .ppii^^-^ 

In another aspect the prMent Invention provides compositions for delivering magnetic, radiometric x- 

» 71i^!l^tl^!Z!^^ the body, m ptffkailar. the compositions are useful' in 

30 drtlvwir^toromagnetlc agents such as magnet 

^ ^ !Sll'*!SL!r compositfons provide means ibr delivering therapeutic agents in a safe manner 
The present Invention also provides methods for making the compositions disclosed herein. 

35 

BBLEF DESCRIPTION OF THE tWAWINQS 

F1Q. l is an enlarged diagrammatic representation of a typical Sposomal delivery vehicle. 
40 wh^-Tf; mpresentatlon of a delivery vehicle of the present invention. 

"^•".■c«^«B'«M«n phase is associated wit^ 

bilayer region of an encapsulating material. mw m imra- 

wh-«r°JlLl!l!I!l*^ cfiaonmrnatlc representatlbn of a delivery vehicle of the present invention, 
wherem smgie^nolecular or small particulate phases of active Ingredient are associated with sinale 
moleciAMrtainphlphllic material and incorporated into the intrrtilayerregi^ 

^^n t, JL""-!i!2!? f^*"**^ repreeentatlon of a deflvwy vehicle of the present invention. 

^22ir«f^^J!!^ """^ amphiphifc molecules and encapsulated within a 

monolayer of an e n capsulating material. 

^^RQLJ is • CmtKeal representation showing one correlation between active Ingredient (magnetite) 
incorp««lon or NMR relaxation rate enhancemem and amphiphileibmiulafi^ ^ ' 

" ^ ® " • ^'■P^ representation showing the correlation between NIMR relaxation rate enhance- 
ment and incorporated active ingredient (magnetite) concentration. 

RQ. 7 Is a graphical representation showing the lime dependence of NMR T, relaxation rata 
enhancement in various biodistrlbutlon systems. 

RQ. 8 is a gnphical representation showing the time dependence of NMR T, relaxation rate 
« enhancement in various biodistrlbutlon systems. 

FIG. 9 is a graphical representation showing the dose dependence of NIMR T, relaxation rate 
enhancement in various blo(flstribution systems. 
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FIG. 10 is a graphical fepresantaiion showing ttia dosa doMndanca at NMR t . 
enhancemert in various biodistribution systems. aependance of NMR T, relaxation rate 

FIG- 11 is a graphical represantalion showina ona correlaibm muq »i. 

mant and amphiphila chain length correlation between NMR relaxafion rate enhance- 
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PgTAiLED DESCfllPTIQN 


sy^e^s zr^rb^raSeSSs: s^iT sre:;r;e'tr''''^'- ^ ^ 

tages associated with liposomal delhS? ^S^TZ^TT^I^ ^Pciton, the «jvan- 
although Ih. compositions need not^ t^^^Tm l^r. ^;>^oiipui outer coating, 
deliverv vehieias am raMKiJ-T -^ «po9am«i per s« in structure, nor consist of phospholipid. Th 

SSJ^r.iSorw^n^iL^rrr"'' r »"'«««y- -^^^ 

SSiiiS s^.*''"'"''*'^ ^ "^"^ - "--ch ve ,0 be delivered by altered 


SO 
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Referring to RG. 1. a typical unilamellar lipoaome veaide has a phospholipid bilaver with an »ncif^ 

wrtiin this innef volume, surrounded by what will be referred to herein as an -eneapeulatino laver^^ 
ihia caae « a phospholipid bilayer. A polar solution in thia region is comoaBwTSrS^iSLta »^ 

r^lSn'r^rng'^ye'r'"'*^ """^ '"'^^^^ '"^"^ ^ 

«a^!li "^Sf* "I compositJona of the preaent invwitfon. In itta fbmi. an active ingredient is 

iZJ?irHlT!^^L!Sf. amphiphillc rnoteculea outv^V to 

^ iTj^.^r'"'^ intrrtilayer region. Such a structure comprising «i active irZ^«3c e 

or AA8 . The actwe ingredient in such a magnelita AA8 is associated with and stabZd «<min 

eocapaulatlnfl molecules and the amphiphillc molecules TTite laver 

renders the dettveiy vehicle as a whole biocompadbie. Altemately. addMonai encapautetina bven 

vZ^Ti^^ ~«:to«c «vi non^mmunogenic -surface' to the r«:ipient Furthermore, if ^deliver? 
7^^^^ Zl J"* »^« ^ nontoxic and non^mmunogen^ 

It .a therefore preferred that the encap«ilating layer or tayer. themaelves be composed of a materiaJ wJch 
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is biocompatibio upon breakdown in the bociy, tf such occurs. 

It is believed that the size of the active ingredient phase or AAS as shown in RG. 2 may vary 
significantly while still preserving a stable and effective delivery vehicle. Thus, in the case of the active 
ingredient magnetite, it has been shown that the diameter of the mi cr ocrystainne magnetite particle or 

5 particles within the bilayer may be as much as two or more times greater than the thlckr^eea of a 
phosphofiptd bilayer not associated with any incorporated solid active ingredient as for example in the 
liposome of RQ. 1. For example, a liposome of a size useful for delivery of active ingredients to bodily 
tissues or organs may have an overall diameter of approximatety 35 nm to ICX) nm. preferably 50 nm to 80 
nm. and a "nominal* phospholipid bilayer thickness of approximatety 4 to 7 nm (as measured between 

to opposing polar head groups in tite membrane wrthot/t any active ingredient enclosed ti^erein). It has been 
found that a magnetite microcrystal having a mean diameter of approximately five to 20 nm. and most 
probably around 11 nm. may be associated with appropriate amphiphilk: molecules to form an AAS having 
a diameter of about 15 nm and tiien encapsulated wittiin the bilayer of a phospholipid vesicle with a nominal 
bilayer thickness of only about 5 nm and an overall liposomal diameter of about 60 nm. it Is probable that 

IS the bilayer structure In such a case must be capable of significant distortion in order to accomodate active 
ingredients of such relatively large size. Nevertheless, it has been shown in freeze fracture and negative 
stain electron microscopy investigations relating to the present invention that such stiructures are possible. 
Their effectiveness as delivery vehicles has also been demonstrated. 

Magnetite may be produced under a range of conditions by alkaline precipitation from ferrous and ferric 

20 chtoride solutions. For example, immediately following predpit a tion. ttie magnetite may be heated; tii 
precipitate may also be allowed to settie in tfw presence or absence of a magnetic field. Depending on ti)e 
mettiod of magnetite preparation, maximizing final incorp or ation into delivery vehicles may require differing 
conditions. The maximum incorporation achievable may also be dependent on the magnetite preparation 
metttod. 

2S It is often useful to maximize ttw amount of active Ir^gredient associated with a particular delivery 
vehicle in order to achieve appropriate levels of activity, inchidlng magnetic, radiographic or ottier imaging 
activity as well as drug ttierapeutic activity. Overall size of ttw detfvery vehicle must also be taken into 
conskjeration. especially where targeting of delivery to particular regkxu or ceils In the body is sought it is 
believed ttiat liposomal and ottier phosphoQpid-related delivery agents described herein may vary signif)- 

00 cantiy in size while still yielding effective activity results. Delivery vehicles having a diameter of approxi* 
mately 50 nm to 80 nm have proven to be pvticularty useful in tt)e case of targeting specific cells such as 
tumor cells. Moreover, nuclear magnetic resonance imaging techniques using such delivery vehicles have 
proven useful where ttie active ingredient is particulate magnetite of approximately 11 nm or more in 
diameter as discussed at)ove. 

3$ It Is important to recognize in this regard tttat ttie present invention can be practiced utilizing an intact 
liposomal vesicle wtth an effective amount of an active ingredient incorporated into ttm hydrophobic intra- 
bilayer region of the liposomal membrane. Because ttie enck>sed inner volume of the vesicle is intact In 
such a structure, the vesicle nuy enckMe a second active ingredient as for example an aqueous*sotub(e 
medicinal agent in solution form, in addition to ttw first lipk^-bound active ingredient Such a structure may 

40 b9 useful, for example, in magnetically targeting a tiierapeutic or other agent to particular bodily regk^ns, or 
in any appUcatfon where it is appropriate to deliver simultaneously two or more active ingredients 
susceptible to encapsulation as described herein. 

in certain cases, where the active ingredient phase is relatively large in comparison to ttie nominal 
phospholipM bilayer titickness. it is thought tttat a single particulate aggregate of active ingredient may 

48 assodate wHh a single delivery vehicle. RQ. 2 illustrates a delivery vehicle of ttiis type. Neverlheiess. it is 
hiWy contemplated ttiat more than one aggregate of active ingredient may be coated wltii an amphiphilic 
material and incorpor ate d into the imra-bilayer region while still preeenring an intact BposomaJ structure. As 
tt)e size of the indivklual active ingredient aggregate decreases, it becomes possible to incorporate more 
indhMual aQgr^gaiBS Into ttw bilayer. Furthermore, where ttie active ingredient is very finely divided, or 

50 where it exists in the form of single unaggregated molecules, accordingly less amphiphilic material will be 
required to associate with individuai particles or molecules of active tngrediem in order to achiev 
stabilization of each active ingredient unit or AAS in ttte hydrophobk: intra*bilayer region. 

In tt)e case of individual molecules of active ingredient in fact a monoassociation between a single 
amphiphilic molecule and a single active ingrediem nrtdecule may suffice to stat)IIlze ttw active ingredi rrt 

56 within the t)jlayer. In such a case a large ntimber of amphiphile-assodated sutMti'ate particles may be 
incorpor at ed into ttte bilayer. RQ. 3 depicts a structure of ttiis type, tt is tt)ought ttiat ttte delivery vehicles of 
the present invention incorporating ttte ttierapeutic antifungal agent amphotericin B may be formulated 
according to such a stiwture. 
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It is apparent however, that active ingredients including amphoteracin B may be constituted in solution 
or otnefwise in a variety of forms ranging from indfviduai molecules to partfculate aggregates, and each 
such form would be susceptible to association or coating with an amphiphiiic material and incorporation into 
a delivery vehicle as described herein. Thus, the particular structures described herein are given only by 

s way of example to describe more fully the breadth of the present invention, and are not intended to limit the 
scope of the invention as claimed. 

The structures discussed above and illustrated in FIGS. 2 and 3 are analogous to small unilamellar 
vesicles (SUVs). Structures containing concentric encapsulating layers may also be utilized within the scope 
of the present invention. Such structures are analogous to multilamellar vesicles (MLVs). T>ie concentric 

to encapsulating bilayers in such a case may each in c orpo ra te amphiphile-assodated substrates as described 
above. The outer encapsulating layer for such a deOvery vehicle will generally comprise a material which is 
itself biocompatible upon breakdown of the delivery vehicle in the body, if such occurs. Accordingly, 
additional Interior efy:apsulating layers in the MLV*«ke structure will generally comprise a biocompatible 
material such as a phospholipid. Such structures would exhibit ttw properties associated with known MLVs. 

s5 namely, delayed release of active ingredient increased amount of encapsulated active ingredient, biocom- 
patibtlity. etc. Typical sizes for such MLV-like structures would be in the range of from approximately 100 
nm to approximately 10.000 nm or more in diameter. 

The present invention also contemplates that the active ingredient may be incorporated into a 
phospholipid<oated structure as exemplified in RG. 4. In this case, the amphiphile-coated active ingredient 

20 or AAS is not enclosed within the hydrophobic intra-bilayer region of a Upoaomal structure, but rather is 
surrounded with an encapsulating layer (in this case, a monolayer) of phospholipid molecules oriented such 
that tile hydrophobic tails of ttM phospholipid molecules are oriented inwardly and associated with the 
hydrophobic portions of tt)e amphtphile molecules. The polar hydrophobk: heads of ttie phospholipid 
molecules are oriented outwardly so as to allow solubiOzation of ttw delivery vehicle In aqueous media. The 

3S phospholipid nature of ttie outer coating additionally provMes biocompatibillty in in vivo systems, as is true 
with the structures described in RQS. 1 through 3. 

The structure shown in RQ. 4 may be used to accomodate an active ingredient phase ttiat is too large 
to be enctosed within the Intra-bilayer region of a liposomal structure, tt is apparent that a larger active 
ingredient phase will yield a higher concentration of active ingredient for a given number of delivery 

30 vehicles. Alternately, it may be desirable to achieve a delivery vehicle which is not Hposomal in structure 
(i.e.. has no enclosed solution-phase inner volixne) or which is smaller in overall size ttm that associated 
witt^ typical lipoaomes. 

Delivery vehicles of the type shown in RQ. 4 may range in size depending on tt^e size of ttie active 
ingredient phase, tt is contomplated that delivery vehieiea of from about 20 nm to about 100 nm in dlam ter 

38 would be particulariy useful. However, larger sizes may also be used. as. for example, when ttie structure of 
RG. 4 is inco r por a ted into an MLV*llke structure having additional encapsulating layers. 

An example of a strxjcture of RQ. 4 is that of microcrystailine magnetite having, for example, particulate 
diameters of about 40 nm to 70 nm. Particles of this approximate size are known to be useful in targeting 
certain tumor cells for nuclear magnetic resonance imaging or other applications. Examples of the use of 

40 magnetite in nudear nr^agnetic resonance Imaging of tissue is described, for example, in PCT Patent 
Appllcatton Number PCT/N085/00017 (Jacobeen et ai.). S^ni at al.. Mapn. Res. Imaging Vol. 4. No. 2. p. 
144 (1886). ftenshaw et al., Magn. Res. Med. Vol. 3. pp. 217-225 (1886) and Oias et ai., Magn. Res. Med. 
Vol. 3. pp. 328-330 (1986). ttie dlactosures of which are incorporated herein by reference. Appropriate 
dosages rrmy be determined easily so as to optimize ttie imaging response, as discussed for example in 

49 Example 6 of ttiis specification, and may be administered using welMcnown techniques such as i.v. or local 
iniection or oral administration. The magnetite particles may be coated with an inner monolayer of 
amphiphiiic molecules and an outer encapsulating monolayer of phospholipid molecules to yield a highly 
concentrated aqueous^soluble form of magnetite ttiat is simultaneously biocompatible and capable of being 
targeted to particular bodily sites. 

so Coating of ttie prepared active ingredient witti an appropriate amphiphile. or associa6on between 
incSviduaJ molecules of active ingredient and amphiphile. may generally be achieved by a vanety of high 
shear mettiods inducing sonication and homogentzation. In ttie case of aqueous-lnsolubls active ingredients 
such as magnetite, it will normally be possible to achieve an aqueous dispersion or suspension of ttie 
nriaterial suitable for aasociation wrtti ttie amphtphile during sonication. The initial dispersion may itself be 

ss achieved wttti ttie aid of sonication. Phosphate-buffered saOne (PBS) Is an especially useful aqueous solvent 
where ttie del^ery vehlctes are intended for in ^ a ottier biologically-related use. and espeoaiiy wher 
ttie final coating witti phospholipid or ottier mltteriaJ wilt be achieved in ttie same solvent batch as is used 
for the amphiphile coating. Other buffered ^ueous solvente. as welt as solutions containing mgreotents 


7 


0 272 091 


such as dextrose, may be used to achieve an acceptable dispersion of active ingredient Non-aqueous 
solvents, or mixtures of aqueous and non-aqueous sotvents. may be used in order to obtain an acceptable 
active ingredient suspension and also to allow proper coating or assoc i ation of the active ingredient with the 
amphiphile. For example, an aqueous-organic mixture such as PBS-chloroform may be employed where 

5 spray drying of the amphiphile«tive ingredient mixture is to be performed. Similarty. an aqueous-organic 
mixture may be used where a two phase amphiphile coating process is desired. 

The choice of amphiphile to be used In a particular formulation will depend on a variety of consider- 
ations. The desired association between the amphiphile molecules and the active ingredient arises du to 
specific Interactive forces between the polar portion of the amphiphilic molecules and the active ingredient. 

TO as distinct from simple misdbillty or solubility of the active ingredient in the amphiphile. Such forces may. 
for example. t>e in the nature of ionic or electrostatic bonding between the amphiphile ar^ the active 
ingredient covalent bonding, hydrogen bonding, chemisorptive forces or physisorptive forces. The nature of 
tt)e association tMtween magnetite artd such ior\ic or norHonic amphtphiles as fatty acids or fatty acid 
derivatives has been discussed in the literature. In this regard, see Khalafaila et al., IEEE Trans. Magnetics . 

IS Vol. MAG*16. Ho. Z pp. 178*183 (March 1980). In the case of other active Ingredients such as am- 
photeradn B. it is thought that ionic charges on functfonai groups in the active ingredient molecule (such as 
a positive charge on the amino group In amphoteracin 8) may interact with negatively-charged head groups 
on. for example, fatty adds or phosphatidic add. Covalent linkages between the active ingredient and the 
amphiphile may also in proper cases be utilized to aasodate these molecules or particles. 

30 The chdce of a proper amphiphile will depend on considerations of achieving an assodatlon with the 
acth/e ingredient and in addition on the nature of the nonpotar or hydrophobic portion of the amphiphile. An 
amphiphile is considered to be a molecule having both a hydrophillc portion and a hydrophobic (or 
lipophilic) portion. An amphiphile suitable for use in the present invention wilt be capable of associating via 
its hydrophillc group with an active ingredient as dscussed above. In addition, the nature of the amplitude 

28 should be such ttiat upon asodatton with the active ingredient ttw resultant amphiphile substrate partid 
(AAS) is compatible witti. and associated wtttt. the encapsulating layer. This assodation may be in the 
nature of 'sokibiOzation' of the AAS within an amphiphile-assodated su bauaie e n capsulating material, as 
illustrated for example in F1QS. 2 and 3. Alternatively, ttiis assodation may result from hydrophobic or 
ypophlHc interactions between the hydrophobic portions of ttie AAS and the encapsulating material, as 

30 illustrated for example in RQ. 4. This associative interaction is distinct from, for example, the use of a 
phospholipid-immisdble material containing an active ingredient which forms a phase that is immisdble witti 
the encapsulating layer, as described in Sears et al.. U.S. Patent No. 4.298.594. 

The hydrophillc portion of the amphiphile may be a chvged or uncharged group induding. by way of 
example. cart)oxylic. hydroxyl, amino, phosphato. or sulfate groups. The hydrophobic portion of th 

35 amphiphile may include, by way of example, saturated and unsaturated aliphatic hydrocarbon groups, 
induding polyoxyethylenes, and attphatfc groups substituted by at least one aromatic and/or cycioaliphatic 
group. 

Spedflcally preferred amphlpNles m the fatty adds, as discussed below. These may be either 
naturally-occuning or synthetic fatty adds, as well as derivatives tt)ereof. Other appropriate amphiphiles 

40 may include phospholipids compounds related thereto induding. for example, phosphatidylcholines 
Oedthins). phosphatidyletiianolamines (cephalines). phosphatide adds, phosphatidyiserines, 
phcsphatidyanositols. phosphatidylglycerols. dlphosphatidylglycerols (cardiottptns). plasmalogens. 
lysophosphogfycerides. and saturated synthetic forms of the foregdng. Other appropriate non-phospholipid 
ynphiphiles may indude dl-and triglycerides, hydrophobic-substituted-alcohols. -amines, -phosphates and 

45 -sulfates, allcyl ether acylglycerols. glycosylacylglycerols. sphingollpids Induding the sphingomyelins. 
gtycosphingoUpids induding the cerebrosides. phytds, rettnds, and vitamins such as Vitamins A. K. E and 
0. 

Fatty adds and fatty add derivatives are among the preferred amphiphiles for use In the prevent 
invention. The hydrocarbon chain may be either saturated or unsaturated. The length of ttw hydrocarbon 

so chain In a fatty add or ott>er amphiphile may be optimized to enhance the abiOty of ttw outer biocompatible 
material to encapsulate the amphlphila-active ingredient structure. This In turn may depend on the natur of 
ttie hydrophobic portion of. for example, a phospholipid encapaulant In addition, the overall size of the 
amphiphile-active ir>gredient structure will depend on the nature of the amphiphile and will affect th ability 
to achieve a final detivery vehicle of a desired structure (see HQS. 2 through 4 and the discussion abov 

55 relating ttwreto). 

One preferred amphiphile in ttw present invention Is the groups of fatty adds having hydrocarbon 
chains of from about 10 to about 28 carbons. Particulariy preferred are fatty adds wittt 14 to 24 cartoons. 
Where the outer encapsulating material comprises phospholipids such as dlstearoytphosphatidylcholine and 
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cholesterol and the active ingredient is mignettte. letradecanbic add (14 cartoons), palmitic acid (16 
cartxns). docosanoic acid (22 carbons) and tetracosanoic ackj (24 cartwns) are especiaily preferred. In 
practice, shorter amphiphiles such as tetradecanoic acid and palmitic acid may be preferable from the 
standpoint of non-to»city. Palmitic acid is also preferred for the active ingredient amphoteracin B. 

5 Phosphatidlc adds having saturated or unsaturated hydrocarbon chain lengths of from about 10 to about 20 
carbons (two chains per molecule), and in particular 16 to 18 carbons, are espaciaJly preferred amphiphiles 
for amphoteracin B. Amphiphiles having posittvely-charged polar groups wouW be partlcuiarty useful where 
the active ingredient may be negativety-charged or is etectron-donating. 

Association of the amphiphile with the adhre ingredient may be achieved by known methods including 

TO bore milling, homogenlzation and sontcation. In the case of solution phase scnication or other methods 
where it is desirable to optimize the concentration and amount of amphiphile to be combined with a given 
amount of active ingredient an optimum concentration may initWIy be estimated by comparing the 
aggregate surface area of the active ingredient to be treated with the steric size of the amphiphile as it 
occupies a portion of the active ingredient surface. In practice, a range of amphiphile concentrations may 

/5 be acceptable. Experiments have shown that a maximization of the concentration of active ingredient in th 
final delivery vehicle preparation may in fact depend on optimizing the initial amphiphile concentration. FIG. 
5 shows a broad peak in NMR Tj relaxation rate enhancement asaociated w«h magnetite delivery vehicles 
of the pTBsent invention occurring at an inttJai palmitic add concentration of around 8 mg of palmitic acid 
per 2.5 mt of starting magnetite dispersion. Similar optimization may be achieved for other formulations of 

20 the present invention. 

Sonication of active ingredients, amphiphile, and biocompatible outer layer materials may be performed 
with, for example, an Ultrasonics. Inc. probe with a microtip at a power of about 50 W to 90 W. Satisfactory 
sonication generally can be achieved in about 15 minutes. The sonicafion temperature preferably should be 
above the melting temperature or phaae tranartfon temperature range of the amphiphile. 

23 After sonication of the active ingredient with the wnphiphile, an appropriate encapsulating layer or 
layers may stmilarfy be added with the aid of sonication or other methods lowwn in the art to achieve a 
biocompatible defivery vehicle. Particularty preferred in the present invention as biocompatible materials are 
phospholipids and phospholiptd<hoiesterol mbctures. Appropriate phospholipids may be used singly or in 
combination, and indude both ncturaily<occunring and synthetically-prepared phosphatidylcholines. 

X phosphatide adds, phosphattdylserines. phosphatidyleth«K>lmines, phoephatidyfglycerois and 
phosphatidylinositols. Phosphdipid materials may be obtained In naturally-occurring fonn, as derived for 
example from purified egg yottc or they may be of synthetic form, as for example with saturated synthetic 
hydrocarbon side chains. Sterols, sterd esters or other materials indudng cholesterol, chdestand. 
cholestane. tocopherd and the lllce may also be included in the encapsulating layer to increase the stability 

39 of the delivery vehide or to modulate membranal pemneabiiity. Cholesterd Is particulariy preferred for this 
purpose. 

In particular, mixtures of dstearoylphosphatidylchoHne (DSPC) and cholesterol (CHOL) are preferred 
materials for delivery vehide encapsutatim. Mixtures in the ratio 2:1 (0SPC:CHOL) are effective in th 
present invention. (Dther prefenred phoephdiptds include dpalmttoylphosphatidylcholine (OPPC), 

40 dmyristoylphosphafldylchdine (OMPC) and other phosphdipids having about 10 to about 20 carbons in 
their hydrocart>on chains. 

The concentration and amount of phosphdipid to be used in a particular formulation may vary 
signtflcantty while still obtaining a satisfactory final composition. Typical co ncentr e tions are given in the 
examples discussed herein. Sonication may be carried out under the same conditions as employed for the 
46 amphiphile. The mixture may then be centrtfuged for about ten minutes at about 18.000 Q and the 
supernatant filtered to yield a solution containing a compoaition of the present Invention. 

The addition of appropriate outer layers may aiao be achieved by methods typically used for 
preparation of MLVs. Thus, multiple btocompstide outer layers may. for example, be added by hydration of 
a phospholipid film in an aqueous suspension d the amphiphile assodated substrate by vortex stirring for 
50 about 80 minutes at a temperature above the phophdipid phase transition temperature. 

It is antidpated that the surface of the delivery vehicle may be modHted to provide an altered in vivo 
biodistribution profile, in much the same way as liposome surfaces are altered. Such modificatton mly, for 
exarnple. consist of attachment of monoclonal «nibodies or of Uganda with spedfic dndng properties, or 
the incorporation of gtycdlpids. Such modifications are described in Schmidt (Ed.). Liposomes as Drug 
5S Carriers (Symposium Tubingen. October 1984. Qeorg Thieme Vertag (Stuttgart 1988). Ostro (Ed.). Upo* 
somes. Man»l Oekker. Inc. (f4ew Yoric 1983) and Qregoriadas (Ed.). Liposome Technology . Volume III. 
CRC Press. Inc. (Boca Raton, Florida; 1984), the dsdosures d which are incorporated herein by reference. 

The deUvery vehicles of the present invention may be administered using techniques well known in the 
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medical art including injection {l.v.. i.p. or i.m„ for example), inhaiation. oral administration, topical 
administration, intraocular administration and the like. Appropriate dosages may also be determined using 
known animal and clinical testing procedures, including t>iodistribution studies on tissue samples as 
descriljed herein. 


EXAMPLE 1 

Preparation of Magnetite delivery vehicles 

25 ml allquots of 15 mg/ml magnetite in PBS were sonicated (80 W) with varying amounts of palmitic 
add (2.4 mg to 10 mg) at 86*C for 15 minutes. The resulting suspensions were then sonicated under the 
same conditions, with 46 mg of a and >H radidabelled 2:1 bSPC:CHOL lipid film. The product 
suspension was centnfuged for 10 minutes at 15600 G and the supernatant was passed through a 220 nm 
filter. The final solutions ranged in appearance from milky white (2.4 mg palmitic add) -similar to 2:1 
0SPC:CHOL small unilamellar vesicles -to clear golden brown (6 mg add). The intensity of coloration 
reached a maximum at 8 n>g of palmitic add. a gradation of color being found increasing to the maximum 
and decreasing, to white, at higher palmitic add concentrations. The clarity of the solutions foil wed a 
similar trend. 100 ul aliquots of the solutions were diluted with 10 ml of a suitable solvent and the lipid 
concentration was determined using a sdntillation counter to quantify the radiotabels. On the basis of the 
concentrations so determined, a 2 mgmit lipid dilution of each solution was prepared. An IBM Minispec 
PC/20 was then employed to measure Tj relaxation times of these dilutions. The results are shown in Table 
1. 

TABI>g 1 

Palmitic Acid (mg) TjCasec) I/TjCaec*^) 


2.4 

162 

6.2 

3.6 

70 

14.3 

4.8 

60 

16.7 

6.0 

46 

21.7 

7.2 

92 

10.9 

10.0 

173 

S.8 


The procedure above was repeated using 5. 10. 15. 20 and 50 mg/ml magnetite in PBS. The T7 
relaxation rates as a function of the annount of palmitic add are plotted in RQ. 5. 

Samples corresponding to 10 mg/ml magnetite were analyzed for iron as folkms: a 100 ul aliquot was 
heated, with agitstion, for 30 minutes at 65*C. with 900 ul 0.1M HNQi. 100 ul 5M NH4 SON and 1.4 ml 
heptanol. FbfkTwing oxidative solubilization of the iron present bright red Fe<SCN)rformed in ttie aqueous 
phase which was then completely extracted into heptanol. as Fe(SCN)s. Absort)ance of the heptanol solution 
at 488 nm waa used to quantitate the Fe{SCN)) using a molar extinction coefident determined with FeCb 
standarda. Heptanol is necessary for add catalyzed esterification and extraction of palmitic add which 
ottienMse remains bound as a protective hydrophobk: coating on magnetite particles. F1Q. 6 shows the 
correlation between Tt relaxation ratas (l/Ts) and iron concentration, with nomnaiization of the latter to 
constant Hpid concentration. 


OCAMPLE2 


10 


u did. Uk9l 


Preparation of Magnetite delivery vehicles-ypraY-drYinq method 

12 ml of 250 mg/ml magnetite suspension was made up to 30 ml with PBS and then sonicated with 12 
'^'^ palmrtic acid (i.e. 360 mg) in 5 ml chloroform. The resulting suspension was spray dried at 200'C to 
yield a magnetite amphiphile-assodated substrate (AAS) material as a t>iack powder. 50 mg of this 
magnetite AAS was sonicated in 5 ml PBS to disperse the powder and the resuWng suspension was 
sonicated with 92 mg ^l OSPCCHOL under previously descrit)ed conditions. After centrffugaiion and 220 
nm filtration a clear golden t)rown sotutton was obtained. 


EXAMPLE 3 

Preparation of magnetite delivery vehicles-Two-phase method 

Preparation of the intermediate magnetite AAS was also achieved using a two-phase method 19 9 mg 
palmitic acid was dissolved in 2 ml chloroform and this solution was gently sonicated in a cold water bath 
for 15 minutes, with 5 ml PBS containing 92.5 mg magnetite. The resulting mixture was centrifuged to yield 
a lower organic phase covered by a precipttate of magnetite AAS in ttw upper aqueous phase The 
chtofoform was removed by pipetting it off and then bubbling dry nitrogen gas through the aqueous phase 
and the preapitate. Following redlsperslon of the AAS by sonication. it was further sonicated witt) 92 mg ii 
OSPC:CHOL centrifuged and fittered as in previous examples. The solution obtained after filtration 
appeared dense black, although when viewed as a thin film it was a clear dark chocolate brown color 
Analysis for iron yielded greater ttian 3.6 mM magnetite (FeA). Dilutions of this solution, in PBS. by factors 
of 40. 100 and 250 yielded relaxation rates as shown in TaWe ^ 

TAILE 2 

Dilution T2(wc) I/T, •nhancMent (eec~^) 
li2S0 15 66 

ItlOO 6 166 

li40 <4 >250 

control 1890 o 

Wotoi l/Tj (enH) • l/Tj (obe) - l/Tj (control) i i.e., rate 
•nhanccMnt ■ obsorved rate minus control rate. 


EXAMPLE 4 
MR! Ti contrast 

Magnetite sotubilized by tite metiiod of Example i above was tested for -jn vivo " effects on tissu 
relaxation times. From 5 mg palmitic ackj, 2 ml of 5 mg/ml magnetite in PBS and"40 mg 2:1 DSPC:CHOU a 
gokJen brown solution containing 17.5 mg/ml of fipkl was obtained. A 2.5:1 dilution of ttiis solution with PBS 
was also prepared. EMT9 tumor tissue was transplanted subcutaneously into the flank of male Balb/c mice 
and allowed to grow for 10 days. On the tenth day. mice were injected l.v. with 200 ai of solubilized 
magnetite solution or control buffer. Mice were sacrificed 24 hours later and tissue samples were excised, 
nnsed in PBS. blotted, weighed and sealed in plastk: bags. NMR reUtxation times were ttien measured for 
the excised tissues. The results are presented in Table 3 and clearty demonstrate enhanced relaxation rates 
(observed rate minus control rate), with 1% being more affected ttian T.. 
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70 


IS 


20 


TABLE 3 

tof •nhaife«Mnfe i-^biodi»tributlon data 
A (V^) ( 1-^), tlw Tamor Splwn 
X7.5 Bg/«1 4.44 
7.0 mg/ml 2.16 



♦mtan of 5.75, 3.53 


A (T^'^Xt jJ-) Livr Tumor Spl^n 
17.5 mq/ml 0.50 0.44 0.43 

7.0 mq/ml 0.30 0.3S 0.48 

EXAMPLE S 

25 Time Course Of Blodistribution Of Maonatic Daflvqfy Vehtcto 

SolubiWzed magnetite was prepared according to the method of Exampte 1 using 5 ml of 8 mgmil 
magnetite in PBS. 12 mg^paintitic add and 104 mg 2:1 DSPC.-CHOL fixM film. Groups of three tumor- 
bearing female Balb/c mice were intravenously injected with a controi solution. 200 ui PBS (one group) or 

30 200 ui of magnetite solution (three groups). Magnetite-bearing aninnais were sacrificed at 4. 16 and 24 
hours after injection; the control group was sacrificed 27 hours post injection. Tissues were rem ved 
immediately and Tj and Tt retaxatton times were determined at 38*C using an IBM Mlnispec 20. The mean 
teue relaxation rates (l/Tj and 1/Ti) m shown in RQS. 7 and 8 as a function of time for each tissue, with 
control values at t-infinity. It is dear that the magnetite delivery vehicles are removed from bloodstream 

M over a period of hours, which contrasts maricedly with magnetite particles (with or without coatings) that are 
typically eliminated from the blood In approximately 5 minutes. 


EXAMPLE S 

40 

Pose Dependence Of Tissue Relaxation Times 

Upasomal magnetite was prepared as in Example 1, diluted 50:1 in PBS, 0^ micron and 0.22 micron 
^ ^ concentrated by ultra-filtration to yieid a final solution containing 8 mg/ml DSPC (as 
45 (^^tarmined by HPLC assay). Varying doses of this solution, and 200 al of a control PBS solution, were 
iniected l.v. into tumor bearing Balb^c mice. At 24 hours post-injection, tissues were removed and their T, 
and Ti relaxation times were determined. The dose dependences of 1/Tt and of l/Tj are shown in RGS. 9 
«nd 10. A significant I/T1 enhancement is only found where intact magnetite particles are present since 
diaadutlon of nugnetite removes the cooperative interactions between the magnetic moments of iron 
so atoms. Solub'Dzed magnetite is expected to give a l/Ti increase as compared to the paramagnetic iron 
spedwin soMion (a small 1/Tj increase is also possible). Tumor results in RQS. 9 and 10 suggest that at 
low doses afl the magnetite anrfving at the tumor is soiubiQzed but at higher doses the mechanism for 
solubiOzing the particles is saturated and intact partldes cause T2 relaxation enhancement. There is no 
•'y^'^*^^^ •"^wicement for Bver and blood although Ta enhancement is observed: this is consistent with 
mtact particles. For the spleen, the form of the dose^jependence suggests some dissolution of particles, 
wrthout saturation of the mechanism for sotub(ll2ing them. 
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10 


30 


25 


30 


39 


EXAMPLE 7 

Prafen-ed Range Of Fatt^ ^ Amphiphiles 

Magn«iit«ontaining delivery vehidee were prepved by the method of Example 1 using eguimoiar 
'"^"^ 24 carton aL,. in^^ , 

magnwrte AAS was prepared by socucatirHJ the fatty add at 85-C with 5 ml 6 mg^ml magnetto in P8S and 
S.^ ' 'Z'^^- "S:^ 2:1 0SPC:CHOL lipid film. A lipoSme-soTubillzed m^ine^tS 

«lu>on w„ produced .n each case, as evidence by solution coloration «k1 by the enhanced T, reSuttion 
rate found for venous dilutwn in PBS. Representativa results are shown in RG.li. 


EXAMPLE 8 
/5 Range of Phospholipid Compoaitiona 


Uposome^lubiUzed magnetite was prepared using the method of Example l with 5 ml of approxi- 
mately 8 mg/ml magnetita in PBS and approximately 12 mg of palmitic acid. Rnal sonication. at 65'C was 
^^^u^.*"^ equimolar amounts of Hpid film, the composition ranging from 1:1 DSPC:CHOL to 31 
DSPC:CMOL Jh9 molar amount of Hpid was equivalent to 100 mg 2:1 DSPC.CHOL The final solution Tj 
relaxation rates (Ri). at 10:1 dilution in PBS are Hated in Table 4. 


1«1 23.8 

l.Sil 23.3 

2.0tl 39.4 

a.Sfi 10.0 

3.011 6.8 


EXAMPLE S 
40 Temperature Dependence 


Upoaomal magnetita was prepared by the method of Example 1 from 5 mi of 8 mg/ml magnetits 
solution in PBS and a total of 12 mg docosanoie (behenic) ecid. A rang, of tMnper^ures was emptied in 
ttie final sorucatian step, demonstrating that the entrapment efficiency for magnetite is temperature 

4s dependent The relaxaHen rate of a 10:1 dilutton of final solution inereaaed with decreasing temperature of 
sonication. Thus, for a nominal 85*C sonication (measured final temperature 74*C). Ri was found to be 1 4 
sec • . increaamg to Ri of 27.8 sec • for 25'C nominal (45«C final mMSured temperature). A further 
increase of Ri to 31.3 sac ' was noted in final sonication in an iced water bath (below 5»C). the measured 
tempwature on completion being 41 'C. However, in thia latter case difficulty of filtration through a 0 22 urn 

so filter of the final product was observed. 


EXAMPLE 10 

9« 
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Preparation of Amphotericin B delivery vehicisa 

5 mg of amphoteridn B, an antifungal agent, was sonicated in 5 ml of 10 mM tris-Ha^uffered (pH 7.4) 
5 ytVwr% dextrose solution to generate a dispersion of the insoluble drug. Tliis dispersion was sutjsequentiy 
5 sonicated with 15 mg palmitic acid and then with 40 mg of 2:1 OSPCrCHOL The suspension produced was 
centrlfuge d at 1« X)0 g for 15 minutes and th supernatant was 220 nm filtered, yielding a clear yellow 
solution. SpectrochemicaJ analysis for amphoteradn 8, by absortance at 405 nm (E ■ 1.309 x M 
cm M. of a 1:100 dilution of the solution in methanol yielded a value of 0.4 mg/ml cofresponding to 40% 
incorporation of starting material. 

10 

EXAMPLE 11 

Preparation and Analysis of Miconazole Dellverv Vehicles 

1$ 

Miconazole (1-{2.4-dfchloro-M(2,4^ichlorobenzyl)oxy]phenethyl] Imidazole nitrate) is an antifungal 
agent of considerable potency. Its utility, however, is somewhat limited by aqueous solubility and in 
vjvotoxicity and delivery problems. 10 mg miconazole was dispersed in 5 ml 10 mM Tris-HCI buffered 5% 
dextrose solution by room temperature probe sonication for 5 minutes. 10 mg distearoylphosphatidic acid 

20 (OSPA) was added to this suspension and the mixture was sonicated at 65*0 for 15 minutes yielding a 
white miconazole AAS suspension. This in turn was added to 120 mg of 2:1 OSPCChoi fipid film, followed 
by sonication for 15 minutes at eS'C. The resulting llposome-containing solution was centrifuged at 12500 
rpm for 15 minutes and successivefy filtered through 0.45 urn and 0.22 urn filters. The final solution was 
assayed spectrophotometricaily for miconazole by evaporation to *yness under reduced pressure. OMF 

38 extraction and subsequent UV abeorbance measurement at 273 nm. The assay revealed greater than 95% 
drug entrapment The in vttre efficacy of the finai solution was tested by growth inhibition of Candida 
Albicans using absorbance at 425 nm to monitor C. Albteans concentration in a growth medium. RQ. 12 
shows the 425 nm absorbance (relative to initial absorbance) as a function of time for three identical 
aiiquots of C. Albicans culture treated with 100 ugfmi free drug, 100 uyml liposomal miconazole and no 

30 miconazole. This figure dearly demonstrates that free and Hposomal miconazole inhibit in vitro growth 
equally well. ~ 


EXAMPLE 12 

98 

Preparation of Bisanthrene Deiiverv Vehicles 

Bisanthrene (9.1 0-anthracenedlcarboxaldehyde-bis-{4,5-dihydro-l H-*midazol-2-yl)hydrazone)-dihydroch- 
loride) is a potent chemotherapeutlc agent that Is soluble in acidic aqueous solution. In the bloodstream. 

40 however, the drug is Insohible and precipitates out with toxic consequences. An aqueous solution of the 
dihydrochloride salt of bisantttrene (20 mg of drug in 5 ml distilled water) was made alkaline by the 
dropwiae ad(ftlon of conce ntrate d (IM) sodium hydroxide solution, resulting In the precipitation of the 
insoluble free base. TWs precipitate waa removed by centrifuging and washed with PBS until the pH of the 
PBS suspension of the drug dropped to approximately 7.4. The total volume of the suspension was 

46 adjusted to S ml It was then sonicated with 4 mg of palmitic acid. Sonication was carried out for 
approximately 5 minutes at 65*C and resulted in a pale yellow bisanthrene AAS formation (analogous to 
magnetite AAS formation). The bisanthrene AAS was resuspended in 5 ml PBS and sonicated at 65*0 for 
15 minutes at 80 W with 100 nf>g 2:1 DPSC:CHOL ypid film, yielding a cloudy yellow-white solution. This 
solution was 0.22 um-fittered yielding a final liposome-sokibilized preparation of bisanthrene, the presence 

so of the drug being evidenced by solution coloration. 


EXAMPLE 13 

58 


14 


Preparation and Analysis of Cisplatin DeKvery Vehicles 

Ospl^n {cis-diamminadicworoplatinum (li)) is a well-estabHshed chemomerapeutic agent that suffers 
ma diaadvantaoea of major ciinicai toxicity, particularty nephrotoxioty. 10 mg dspiatin was 
cissoived/suspendad in 2 ml of 5% dextrose solution by probe sonicatk)n at 80 W for 2 minutes at 8S-C 
some asp Wn cSasotved, while the remainder became suspended in the sohwit After addition of about 12 
mg dipaimitoyi phoaphatJdic add (DPPA). the suapenaion waa resonicatad at 85»C and 80 W for io 
minutes, generating a bluo<oiored dsplatin-AAS materfai from an initially yellow solution and suapenaion 
The AAS suapenaion was diluted to 5 ml with 5% dextrose solutlcn and subsequently sonicated at 25'C 
wi^ 100 mg 2:1 OSPCiCHOL Following centrifugation at 12S00 rpm for 5 minutes the product solution was 
0^ am filtered ytetdtng a solution, similar in appearance to small unilamellar vesicle solutions, which was 
pale yellow to transmitted tight and blua-tinted when viewed by scattered tight Analysis for total platinum in 
the final solution was carried out by 2:1 complex fonnation with diethytthiocartamate and UV abaortance 
measurement at 254 nm. of the chloroform extract of this solution. The ftnal platinum concentration in 5 ml 
solution was determined to be 0.66 mg^ml. corresponding to about 51% dnjg entrapment Aasodation of th 
drug with liposomes was demonstrated by chromatography on a Sephadex Q50/80 column, on which the 
solution migrated aa a single band. 


aalma 


1, A delivery vahtcle for an active ingredient said delivery vehicle having a size from about 20 nm to 
about 10.000 nm in diameter and compriaing 
an active ingredient phaae or phaaea. 

an amphiphilic material aaaociated with aaid active ingredient phase or phaaes to form one or more 
amphiphtie-aasodated substrates, and 

at leaat one encapaulating layer including at least orte said layer aaaociated with one or more of said 
amphiphile-assodated substrates, the outer of said encapaulating layers being a biocompatibte encapsulat- 
ing layer. 

^ The delhwy vehicle of cWrn 1 wherein aaid active ingredient comprises a material selected from 
diagnostic agems and ttwrapeutic agenta. 

3. The deiivery vehtde of any one of ti>e preceding claima wherein said amphiphiHc material comprises 
at least one fatty add. phospholipid, phoaphatidic add. diglyceride. triglyceride, alcohol, amine, phosphate 
and/or sulfate. 

4. The delivery vehicle of daim 3 wherein said amphiphilic material compriaea a fatty add or a 
phoaphatidic add. 

5. The deUvery vehicle of daim 4 wherein said amphiphilic material compriaes a fatty add having an 
aliphatic chain of from 10 to 28 carbona in length and/or a phoaphatidic add having an aUphatic chain or 
chains of from 10 to 28 carbons in lengtti. 

6. The delivery vehicle of any one of the preceding claims wherein said amphiphilic material includes a 
hydrophilic portion assodated with said actNe ingredient phase or phaaea and a hydrophobic portion 
sssodated with a said encapsulating layer. 

7. The deiivery vehicle of claim 6 wherein aaid hydrophilic portion compriaes a carboxyllc. hydroxy!, 
amino, phosphate or aulfito group. 

8. The delivery vehide of daim 8 or 7 wherein aaid hydrophobic portion compriaes an aliphatic 
hydrocarbon, cyctoallphatic hydrocarbon, aromatic-substituted aliphatic hydrocarbon, cydoallphatic-substi- 
tuted aliphatic hydrocarbon or potyoxyett)ylene group. 

9. The defivery vehicle of any one of daims 8 - 8 wherein aaid hydrophobic portion compriaes an 
aliphatic chain of from 10 to 28 cartwns in length. 

to. The delivery vehicle of any one of tt>e preceding daims wherein said biocompatible encapsulating 
layer compriaes a phoapholiptd material. 

11. The delivery vehtde of any one of ttie preceding claima having a single said encapsulating layer, 
.which layer further constitutes said outer biocompatible encapsulating layer. 

12. A delivery vehide according to any one of the preceding claims having a size of from about 20 nm 
to about 10.000 nm in diameter. 

13. The delivery vehicle of any one of the preceding daims wherein said deiivery vehicle has a size of 
from about 35 nm to about 100 nm in diameter. 
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14. The delivery vetiicte of claim 13 wherein said delivery vehicle has a size of from about 50 nm to 
about 80 nm tn diameter. 

15. The delh/ery vehicle of claim 12 having a size of from about 20 nm to about 100 nm in diameter. 

16. The delivery vehicle of any one of the preceding claims wherein said amphiphilic materiai 
s comprises fatty acid having an aliphatic chain of from 12 to 18 carbons in length, fatty add having an 

aliphatic chain of from 22 to 24 carbons in length, and/or a phosphatidic acid having an aliphatic chain or 
chains of from 12 to 18 cartoons in length, and wherein 

said phospholipid materiai comprises an aliphatic chain or chains of from 10 to 20 cartx)ns in length. 

17. The detivery vehicle of claim 16 wherein said amphiphilic material comprises at least one fatty acid 
10 selected from lauric acid, myristic acid, palmitic acid, stearic add. oleic add. docosanoic add. tetracosanoic 

add. dimyriatoylphosphatidlc acid, dipalmitoylphosphatidic add. and distearoylphosphatidtc acid, and 
wherein 

said phospholipid material comprises a phosphatidylcholine having an aliphatic chain or chains of from 10 
to 20 carbons in length. 

s9 18. The delivery vehide of any one of the precedirtg claims wherein the amphiphilic material comprises 
lauric add. myristic add, or palmitic add and having 

at least one encapsulating layer, including an outer biocompatible encapsulating layer and at least one 
encapsulating layer assodated with one or more of said magnetite amphiphile-assodated substrates, at 
least one of said layer or layers comprising a mixture of chdeaterol and a phosphatidylchotine selected 
20 from dimyristoylphosphatidylchoHne. dlpalmitoylphosphatidylcholine and distearoytphosphattdylcholine. 

19. The delivery vehtde of any one of the preceding claims wtwrein the active ingredient is magnetite. 

20. The delivery vehide of any one of daims 1 to 18 wherein the active ingredient is a therapeutic 
agent 

21. The delivery vehide of claim 20 wherein said therapeutic active ingredient comprises an an- 
as tineoplastic agent 

22. The delivery vehide of daim 21 wherein said antineoplastic agent is bisanthrene or dsplattn. 

23. The delivery vehicle of daim 20 wherein said therapeutic active ingredient comprises an antifungal 
agent 

24. The delivery vehicle of daim 23 wherein said antifungal agent Is amphotericin B or miconazole. 

so 25. A process for preparing a deth^ vehide as defined in any one of the preceding claims which 
comprises 

forming an association between ttw active ingredient phase and ttie amphiphilic material to form an 
amphiphile-assodated substrate, and 

encapsulating said amphiphile-assodated substrate within at least one encapsulating layer tnduding at least 
as one said layer assodated witti said amphiphile-assodated sut>sti^. tiw outer of said encapsulating layers 
being a biocompatible encapsulating layer. 

26. The process of daim 25 including ti^ steps of 

forming an asso ci ation between the hydrophitic portion of said amphiphilic material and said active 
ingredient phase, and 

40 forming an association tMtween ttw hydrophobic portion of said amphiphilic nrtaterial and a said encapsulat- 
ing layw. 

27. A defivery vehicle according to any one of daims 1 to 24 for use in a mettiod of treatment of th 
human or animal txxly by ttwapy or surgery or in a (flagfX)Stic method practised on the human or animal 
body. 

46 28. A defivery vehide according to daim 19 for use In a mettiod of nuclear magnetic resonance 
imaging practised on the human or animal body. 

29. A delivery vehide according to daim 21 or 22 for use in a mettvsd of treatment of neoplastic 
disease in the human or animal body. 

30. A defivery vehide according to daim 23 or 24 for use in a mettiod of anti-fungal treatment practised 
50 on the human or animal body. 
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